Obesity represents a major medical and public health problem worldwide. Efforts have been made to develop novel treatments, and among them bariatric surgery is used as an effective treatment to achieve significant, long-term weight loss and alleviate medical problems related to obesity. Alcohol use disorder (AUD) is also a leading cause of morbidity and mortality worldwide. Recent clinical studies have revealed a concern for bariatric surgery patients developing an increased risk for alcohol consumption, and for AUD. A better understanding of the relationship between bariatric surgery and potential later development of AUD is important, given the critical need of identifying patients at high risk for AUD. This paper reviews current clinical and basic science research and discusses potential underlying mechanisms. Special emphasis in this review is given to recent work suggesting that, alterations in alcohol metabolism/pharmacokinetics resulting from bariatric surgery are unlikely to be the primary or at least the only explanation for increased alcohol use and development of AUD, as changes in brain reward processing are also likely to play an important role. Additional studies are needed to clarify the potential role and mechanisms of how bariatric surgery may increase alcohol use and lead to AUD development.
INTRODUCTION

Obesity: an alarming public health problem
Obesity is defined as a body mass index (BMI) ≥30 kg/m 2 (Centers for Disease Control and Prevention 2011), where obesity with a BMI ≥40 kg/m 2 is the most severe form (Seidell & Flegal 1997) . Obesity is also classified as Obesity Class I (BMI: 30 kg/m 2 -34.9 kg/m 2 ), Obesity Class II (BMI: 35 kg/m 2 -39.9 kg/m 2 ) and Obesity Class III or Extreme Obesity (BMI ≥40 kg/m 2 ) (National Heart Lung and Blood Institute 2015; World Health Organization 2015) .
According to the World Health Organization (2015), the worldwide rate of obesity has more than doubled in the last 25 years. The majority of people, particularly in developed nations, are above normal weight, with 39 percent of adults overweight in 2014 and 13 percent obese.
Obesity represents a major medical and public health problem as it may lead to decreased quality of life and increased mortality and morbidity (Flegal et al. 2012; Gilbert & Wolfe 2012; Kuk et al. 2009; Malinoff et al. 2013; Reis et al. 2009) . Obesity is associated with increased risk for several medical diseases, including hypertension, dyslipidemia, type 2 diabetes mellitus, cardiovascular diseases and certain cancers (Centers for Disease Control and Prevention 2006) .
The development of effective treatments for obesity is of crucial importance. While several treatments are available, they have relatively limited efficacy (Hainer & Aldhoon-Hainerova 2014) , which is made worse by the associated reduced patients' compliance. Therefore, efforts have been made to develop novel, more effective treatments. Among them, bariatric surgery is now used as an effective treatment for obesity.
Bariatric surgery
In the United States (US), bariatric surgery is indicated in obese patients who have a BMI ≥40 kg/m 2 or are more than 100 pounds overweight. Of special importance for this review, the majority of the US population that undergoes this surgical procedure is female, i.e. approximately 80 percent. Bariatric surgery is also indicated in those obese patients who have a BMI ≥35 kg/m 2 associated with at least two obesity-related co-morbidities, e.g. type 2 diabetes mellitus, hypertension, sleep apnea and other respiratory disorders, non-alcoholic fatty liver disease, osteoarthritis, lipid abnormalities, gastrointestinal disorders or heart disease. While these criteria regulate the US practice, the indications for bariatric surgery may vary globally. Challenges in achieving weight loss via diet and/or exercise only, combined with increasing evidence of efficacy for bariatric surgery, have made this surgical approach an increasingly used obesity treatment (Fisher & Schauer 2002) . Patients receiving bariatric surgery have significant reductions in food intake and weight (Buchwald et al. 2004; Garb et al. 2009; Wittgrove & Clark 2000) . Bariatric surgery also results in beneficial effects on weight-associated medical conditions. Bariatric surgery includes different techniques, some of which can be executed by open and/or laparoscopic abdominal surgery. Common bariatric surgery techniques include Roux-en-Y Gastric Bypass (RYGB), sleeve gastrectomy, vertical banded gastroplasty and gastric banding. The RYGB procedure involves creating a stomach pouch out of a small portion of the stomach and attaching it directly to the small intestine, bypassing a large part of the stomach and the entire duodenum. Not only is the stomach pouch too small (0.5 to 1 ounce) to hold large amounts of food, but by bypassing the duodenum, fat absorption is substantially reduced (Lo Menzo et al. 2015) . With the sleeve gastrectomy, more than half of the stomach is removed, leaving a thin vertical sleeve. Vertical banded gastroplasty uses both a band and staples to create a small stomach pouch. In the bottom of the pouch there is a hole, where the pouch contents can move to the stomach and then onto the intestine. Finally, gastric banding involves placing a band around the upper part of the stomach in order to limit the amount of food that can be ingested because of a rapid feeling of fullness after eating small quantities of food.
Alcohol use disorder
Alcohol dependence and alcohol abuse, now replaced by the common definition of alcohol use disorder (AUD), according to the DSM-5 (American Psychiatric Association 2013), are leading causes of morbidity and mortality worldwide (Grant et al. 2015; Lim et al. 2012) . Continued heavy alcohol use may lead to several serious medical consequences (Nutt et al. 2010; Rehm et al. 2013) , including cardiovascular disease and liver cirrhosis, and represents a risk factor for several types of cancers (Seitz & Mueller 2015) . As such, factors potentially responsible for increasing the risk of AUD warrant serious consideration. Among them, bariatric surgery has recently emerged as a potential risk factor for AUD.
Bariatric surgery and AUD
As discussed in detail with full citations below, recent studies suggest that bariatric surgery may be associated with significant changes in alcohol drinking habits. Specifically, the majority of the studies suggest that it may lead to an increased alcohol use, and risk for AUD and alcohol problems. Both obesity and AUD represent important clinical and public health problems. Therefore, clarifying the relationship between bariatric surgery and potential later development of AUD is important, given the critical need of identifying risk factors for AUD.
The goal of this paper is to review the literature pertaining to the potential role of bariatric surgery as a risk factor for increased alcohol use and development of AUD, and to offer the authors' perspective on the work conducted to date and on the potential biological mechanisms that might guide future preclinical and translational research. Special emphasis in this review will be given to recent work suggesting that alterations in alcohol metabolism/pharmacokinetics resulting from bariatric surgery are unlikely to be the primary or at least the only explanation for increased alcohol use and development of AUD, as changes in brain reward processing are also likely to play an important role.
In the present review, sleeve gastrectomy, vertical banded gastroplasty and gastric banding will be discussed under the category of 'Restrictive Surgeries' and compared to the RYGB procedure. The rationale for this organization is that several clinical studies have not clearly discriminated among the various procedures of which the exclusive or primary mechanism is the restriction of stomach volume, whereas there is clearer separation in the literature for the RYGB operation. Less commonly used procedures (i.e. biliopancreatic diversion, duodenal switch, minigastric bypass, single anastomosis duodeno-ileostomy and other procedures involving ileal transposition) were not included in the subject of the present review.
Search strategy and selection criteria
References were identified through searches of PubMed, Embase and Web of Science conducted until January 2016, by use of the following search terms: Peer-reviewed articles resulting from these searches and relevant references cited in those articles were reviewed. There was no restriction on publication date. Only articles published in English were included.
BARIATRIC SURGERY AS A RISK FOR AUD
Both clinical and preclinical studies have been conducted on the potential role of bariatric surgery on alcohol consumption and risk for AUD and alcohol problems.
Clinical studies
Bariatric surgery (not otherwise specified)
A survey with 318 bariatric surgery patients found that approximately 83 percent consumed alcohol after surgery. A total of 28.4 percent of the sample reporting difficulties controlling their alcohol use, compared with 4.5 percent before surgery. Additionally, 84 percent of those who consumed alcohol after surgery reported an increase in sensitivity to effects of alcohol (Buffington 2007 ). Another study based on electronic medical records compared bariatric patients to matched non-bariatric obese patients. Both groups (n = 54 each) were equally likely to have a diagnosis of alcohol dependence; however, bariatric patients were significantly more likely to have a diagnosis of alcohol withdrawal and to report larger amounts of alcohol consumed per drinking day (Saules et al. 2010) . Overall, the clinical relevance of these two studies is limited by either methodology (i.e. survey) or sample limitations.
Roux-en-Y Gastric Bypass
Initial clinical studies examining the relationship between RYGB and AUD were limited by either observational or retrospective designs, or survey-based crosssectional reports. For example, a study examined the rates of alcohol abuse and dependence in a sample of 70 patients who had received RYGB 6-10 years before (Ertelt et al. 2008) . Results indicated that, while only <3 percent of these RYGB patients developed an AUD, 20 percent of them reported feelings of alcohol intoxication after consuming lower amounts of alcohol compared to the quantities consumed before the surgery. Additionally, 34.3 percent of this sample reported feeling intoxicated more rapidly after versus before RYGB. However, this study had important limitations, including the lack of validated measures of alcohol use and intoxication, and the lack of pre-surgery data (Ertelt et al. 2008) .
More recently, a retrospective study looking at electronic medical records reported that out of 823 patients seeking treatment for AUD, 4.9 percent had RYGB (Cuellar-Barboza et al. 2015) . In this study, RYGB patients were compared to a smaller sample (n = 122) of nonbariatric obese patients selected among the same population of treatment-seeking AUD population seen during the same timeframe. The main finding was that RYGB patients met AUD criteria at a significantly earlier age compared to controls.
Prospective human laboratory studies have investigated the effects of RYGB on alcohol concentrations. For example, Hagedorn et al. (2007) conducted a pharmacokinetic/pharmacodynamics study with 36 subjects (19 post-gastric bypass and 17 controls) whose breath alcohol concentrations were assessed repeatedly after consuming 5 oz of wine. This study indicated that, while symptoms did not differ between the two groups, the gastric bypass group, compared to controls, had higher peak alcohol levels and longer times to zero out. A more recent small human laboratory study with five female participants who had undergone RYGB 3-4 years before, investigated blood alcohol concentration (BAC) after administration of alcohol (0.3 g/kg). Blood samples were collected every minute for the first five minutes and then at 7.5, 10, 20 and 60 min. All participants reported very rapid increases in BACs, with values >0.08 percent reached within 10 min after alcohol administration (Steffen et al. 2013) . More recently, another small alcohol pharmacokinetics study in eight female participants found that RYGB increased the rate of delivery of oral alcohol into the systemic circulation (Pepino et al. 2015) . This delivery rate resulted in both earlier and higher BAC peaks; participants also reported greater feeling of intoxication (Pepino et al. 2015) . Notably, while Hagedorn et al. (2007) enrolled a much larger sample, the other two studies, on the other hand, employed a much more rigorous design, including a more accurate method for alcohol administration and the use of BACs (Pepino et al. 2015; Steffen et al. 2013) .
Some studies have reported reduced alcohol use after RYGB. For example, in a follow-up study with 100 patients assessed 13-15 years after RYGB, there was an increase in alcohol abuse over time (2.6 percent presurgery versus 5.1 percent post-surgery), while a decline in alcohol dependence (10.3 percent pre-surgery versus 2.6 percent post-surgery) (Mitchell et al. 2001) . In a more recent study, 155 out of 899 RYGB patients were assessed prospectively for alcohol use before and after surgery. The number of RYGB patients reporting any alcohol use decreased significantly postoperatively (72.3 percent to 63.2 percent). However, despite the overall reduction in any alcohol use, 23 percent of patients who did not use alcohol pre-surgery reported alcohol use postsurgery. In contrast, out of those patients who used alcohol in the year before surgery, 21.4 percent stopped drinking after surgery (Lent et al. 2013) .
In another study with 129 RYGB patients assessed pre-and post-surgery, self-reported alcohol use decreased; however, the proportion of participants reporting alcohol disturbance increased after surgery (Alfonsson et al. 2014) . In a prospective RYGB study (N = 6165), alcohol consumption significantly declined after surgery in those patients that self-reported occasional to frequent alcohol use before surgery; by contrast, no changes were observed in those individuals that reported no alcohol use before surgery (Davis et al. 2012) . Collectively, these results suggest that the potential role of RYGB in affecting alcohol use may depend on the levels of alcohol use before the surgery and that individual differences might explain opposite effects of RYGB on alcohol-related behaviors.
An important issue with alcohol use in RYGB patients is weight regain. In a study with 119 RYGB patients, no significant association was found between alcohol use and weight loss at 1-year follow-up (Sears et al. 2008) . Other retrospective or follow-up studies suggest that a history of alcohol use may be associated with stronger weight loss following RYGB (Clark et al. 2003; Heinberg & Ashton 2010) . However, a survey-based study found that concerns over alcohol use represented an independent predictor of weight regain after RYGB surgery (Odom et al. 2010) . In summary, it is still unclear whether alcohol use is a factor that contributes to weight regain.
Restrictive procedures
Restrictive procedures reviewed here in the context of alcohol use include sleeve gastrectomy, vertical banded gastroplasty and gastric banding.
Literature investigating restrictive procedures solo (i.e. without comparison to RYGB) is very limited. For example, a sample of 140 severe obese patients (25 with binge eating disorders) was evaluated 18 months after surgery: post-surgery symptoms of alcohol dependence were more prevalent in the binge eaters than in the non-binge eaters (Guisado Macias & Vaz Leal 2003) . A few studies have investigated the effects of sleeve gastrectomy on alcohol metabolism and have, however, generated contradictory findings. For example, Gallo et al. (2015) conducted a prospective study with 10 obese patients scheduled for laparoscopic sleeve gastrectomy and all were presented with three alcohol challenges, that is preoperatively, and at 3 and 12 months postoperatively. Alcohol intoxication symptoms and BAC levels were assessed over time at each alcohol challenge session. Sleeve gastrectomy did not affect alcohol metabolism at either 3 or 12 months after surgery. Peak BAC and time for BAC to zero out did not significantly change after sleeve gastrectomy, neither did the symptoms of alcohol intoxication (Gallo et al. 2015) . Contradictory to Gallo et al. (2015) , another alcohol challenge study (Maluenda et al. 2010 ) was conducted in 12 patients before and 2 months after sleeve gastrectomy. Increased BAC levels and prolonged time for BAC to zero out were found after surgery compared to baseline, while post-surgery changes in alcohol intoxication symptoms were not observed. It is important to note that the patients in this study were different from the typical bariatric population in the US (e.g. Gallo et al. (2015) ) as 80 percent were males, while only 20 percent are typically males in the average bariatric population in the US. This difference may account, at least in part, the conflicting results observed between the two studies, an explanation consistent with the known sex differences in alcohol metabolism (Baraona et al. 2001; Frezza et al. 1990; Maluenda et al. 2010) .
Finally, alcohol use in the context of gastric banding has also been investigated and compared to RYGB, as detailed next.
Potential differences in alcohol use because of differences between surgery techniques Different surgical techniques result in different changes in the anatomy of the gastrointestinal tract, and this difference in procedure has posed the question whether these anatomical changes can result in technique-specific changes in alcohol use. As such, some studies have compared potential differences in alcohol-related behaviors between bariatric surgery techniques.
As for the Restrictive Procedures, there has been only one study comparing sleeve gastrectomy to gastric banding. In this study, the effects of gastric banding (n = 9) versus sleeve gastrectomy (n = 7) on alcohol metabolism were assessed longitudinally (Changchien et al. 2012) . This study reported that either technique was not associated with significant changes in peak BAC or time to sober at the 3-month and 6-month post-surgery follow-ups. Furthermore, there were no significant changes in drinking amounts or symptoms of alcohol intoxication post-surgery. While gastric banding does not result in changes in the stomach surface area, the authors hypothesized that after the sleeve gastrectomy there is still enough stomach surface area to remain unchanged by alcohol metabolism. The lack of changes in alcohol metabolism after sleeve gastrectomy is consistent with Gallo et al. (2015) , but is in conflict with Maluenda et al. (2010) , as discussed above. However, it is important to note that the majority of this sample (15/16) were social drinkers or non-drinkers, and no patients in this study had a history of alcohol abuse or dependence before or after surgery (Changchien et al. 2012) .
The most relevant clinical literature is represented by several studies that have compared RYGB and gastric banding. For example, a retrospective study used electronic charts of bariatric surgery patients, among which 562 had gastric banding and 97 had RYGB. There was a significant reduction in alcohol use, independent from the type of surgery (de Araujo Burgos et al. 2015) , that is alcohol use decreased from 24.2 percent to 9.4 percent in the 2-year post-surgery follow-up. An interview-based study with 541 bariatric surgery patients where alcohol use was assessed before and after surgery found a small minority of patients reporting high-risk drinking at both 1 and 2 years post-surgery (either gastric bypass or gastric banding). On the other hand, more than half of the patients who reported high-risk alcohol consumption before surgery reduced drinking. However, none of these changes were statistically significant, nor did the two surgical techniques differ each other, although there was a trend toward a higher proportion of RYGB patients, compared to gastric banding, that reduced alcohol use at the year 1 follow-up (Wee et al. 2014) .
In conflict with the studies mentioned above (de Araujo Burgos et al. 2015; Wee et al. 2014) , other studies comparing different bariatric techniques found increased drinking, particularly after RYGB surgery. For example, three prospective studies (Conason et al. 2013; King et al. 2012; Suzuki et al. 2012) have shown an effect of RYGB, but not gastric banding in increasing alcohol use after 2+ years follow-up. These studies represent, indeed, the most robust work conducted, until now, on this topic. Suzuki et al. (2012) found that~10 percent of 51 bariatric surgery patients undergoing either RYGB or gastric banding met criteria for alcohol abuse or dependence 2-5 years post-surgery; none of these individuals had met criteria at the pre-surgery evaluation. Notably, all individuals who met AUD criteria after surgery had undergone RYGB, while none of them had undergone gastric banding (Suzuki et al. 2012) . Additionally, this study indicated that the lifetime prevalence of AUD in this group was comparable to the general population, therefore suggesting that RYGB patients should be evaluated not only for current, but also for lifetime AUD history (Suzuki et al. 2012) . One additional fact that can be gleaned from the literature is that the age of onset of AUD after bariatric surgery is significantly younger than in the general population, which points strongly to surgery having had some kind of contribution to the onset of AUD in these patients. A prospective longitudinal study with 155 bariatric surgery patients (Conason et al. 2013) indicated that the frequency of alcohol use increased in those patients that underwent RYGB. Specifically, while alcohol use decreased immediately after RYGB surgery (probably because of the recovery from the surgery and medical advice received), the RYGB patients reported a significant increase in alcohol consumption at the 2-year post-surgery follow-up. Again, this increase in alcohol use was specific for RYGB, as similar findings were not observed in those patients who underwent gastric banding (Conason et al. 2013) .
A prospective large cohort study with 2458 bariatric surgery patients found that AUD symptoms, as measured by an Alcohol Use Disorders Identification Test score ≥8, were significantly higher two years after surgery (King et al. 2012 ). This was a large multi-site study conducted in the U.S. and represents one of the most important clinical evidence on the potential role of RYGB on subsequent at-risk use of alcohol. Notably, in this study, RYGB doubled the likelihood of post-surgery AUD compared with gastric banding. Several baseline factors were also associated with post-surgery alcohol use, with pre-surgery alcohol use being the strongest one (King et al. 2012) .
Finally, two studies (Ostlund et al. 2013; Svensson et al. 2013) , both conducted in Sweden, compared RYGB, gastric banding and vertical banded gastroplasty. In a population-based retrospective study of 11 115 obese patients undergoing bariatric surgery, the post-surgery incidence of inpatient treatment for AUD was assessed (Ostlund et al. 2013) . There was no difference in inpatient treatment of alcohol abuse among the three groups before the bariatric surgery. After surgery, RYGB patients had more than double the risk of inpatient treatment for AUD, compared to the patients who underwent either gastric banding or vertical banded gastroplasty. In a prospective controlled study, data on alcohol use were collected in 2010 obese patients undergoing vertical banded gastroplasty (68 percent), gastric banding (19 percent) or RYGB (13 percent) and compared to 2037 matched obese controls. It was observed that, while alcohol use was not different in obese patients who underwent gastric banding, patients receiving either RYGB or vertical banded gastroplasty, compared to controls, were more likely to report at least medium risk alcohol consumption (defined as ≥40 g of pure alcohol per day in men and ≥20 g in women), as well as increased risk of diagnoses of alcohol abuse and alcohol problems.
Finally, RYGB patients had a significantly increased risk for alcohol abuse diagnosis, at least medium risk alcohol consumption, and self-reported alcohol problems compared to both vertical banded gastroplasty and gastric banding (Svensson et al. 2013) . One additional noteworthy finding from the latter study was that the risk of onset of AUD continued to climb in a linear fashion for the whole 10-year post-op follow up period, supporting the notion of an increased risk for addiction in RYGB patients. This large study conducted in Sweden represents very important clinical evidence on the potential role of RYGB on subsequent at-risk use of alcohol.
Summary of clinical studies
Human studies investigating the potential effects of bariatric surgery on alcohol consumption and risk for AUD and alcohol problems have generated conflicting results. RYGB has been the most studied technique, and perhaps for this reason has also been the one generating the most conflicting results. Nonetheless, considering the overall literature published to date (Table 1) , the majority of the clinical studies suggest that bariatric surgery represents a potential risk for increased alcohol use. Further supporting our overall conclusion is the fact that, while the clinical studies conducted to date have been very heterogeneous in terms of study designs and sample sizes, the two most rigorous published studies conducted to date (King et al. 2012; Svensson et al. 2013 ) provide consistent evidence of a role of RYGB in increasing alcohol use and risk of alcohol-related problems. Both also use a prospective longitudinal design and enroll large samples. Notably, these two studies were conducted by two independent teams and in two different geocultural areas, US (King et al. 2012) and Sweden (Svensson et al. 2013) . Nonetheless, the overall conflicting data suggest not only that additional clinical research is needed, but also that it is important to shed light on the possible mechanisms of how bariatric surgery may affect alcohol use. Initial preclinical work on the latter direction has been conducted, as is described next.
Preclinical studies
There have been a few preclinical studies examining the effects of RYGB on alcohol consumption in rats. A study assessed the effects of RYGB on ethanol consumption and reward in EtOH preferring (P) rats (Davis et al. 2012) . The findings showed that RYGB resulted in reduced alcohol use in the EtOH preferring rats following RYGB surgery (Davis et al. 2012) . In this study, the authors also investigated the potential role of feeding peptides in mediating these effects, that is glucagon-like peptide-1 (GLP-1) and ghrelin. The authors concluded that EtOH-induced increase in plasma GLP-1 levels may have a role in reduced EtOH consumption in P rats following RYGB. Nevertheless, a role for ghrelin could not be excluded as pharmacologic replacement of ghrelin restored EtOH drinking behavior in P rats that received RYGB (Davis et al. 2012 ).
In another set of studies from an independent laboratory, non-alcohol preferring outbred obese rats underwent RYGB and were habituated along with their sham-operated obese controls, and with lean rats, to increasing concentrations of EtOH in a two-bottle freechoice paradigm (Thanos et al. 2012 ). In contrast with Davis et al. (2012) , this study found that RYGB rats' daily consumption of EtOH was twice as high as shamoperated obese controls and 50 percent higher than normal-diet lean controls. Obese controls drank significantly less (approximately 50 percent) grams of ethanol per body weight, as compared to lean controls. Furthermore, the RYGB rats displayed a higher EtOH preference and intake during reinstatement of the higher concentration (8 percent) alcohol following periods of abstinence. An additional finding was that food restriction was not sufficient to increase EtOH consumption in the control (obese) rats. Furthermore, the reduced EtOH intake in obese versus lean rats suggests that adaptations during obesity may interfere with EtOH's reinforcing effects and that their recovery after RYGB may underlie the increased risk for alcohol abuse after surgery. The fact that the highest EtOH intake in the RYGB animals was seen for the low concentrations (2 percent, 4 percent) may reflect enhanced sensitivity to the rewarding effects of low EtOH concentrations. This effect could also be because of faster EtOH absorption and a reduced metabolism of EtOH after the RYGB surgery.
In a follow-up study directly investigating changes in alcohol reward (Hajnal et al. 2012) , high fat diet-induced obese rats underwent RYGB or sham operation and were tested 4 months after surgery on a progressive ratio schedule of reinforcement operant task for 2, 4 and 8 percent EtOH. Compared to sham-operated controls, RYGB rats made significantly more efforts to earn access to alcohol reward, and also consumed more when it was available. This study also found that pretreatment with a single peripheral injection of a ghrelin receptor antagonist preferentially reduced seeking and consumption of EtOH in the RYGB rats, with the same doses of the drug being ineffective in the sham-operated obese group. This observation strongly suggests that increased sensitivity of the reward system to ghrelin following surgery may contribute to the effects of RYGB on alcohol drinking (Hajnal et al. 2012) . Consistent with this study, an additional study that measured brain-glucose metabolism indicated activation of brain areas involved in reward expectation and sensory processing during anticipation of a palatable fatty food (Thanos et al. 2015) . Thus, it appears that while the surgery ultimately reduces intake of rich (very sweet and fatty) foods, an effect reliably demonstrated both in humans and animals (Behary & Miras 2015; Brown et al. 1982; Halmi et al. 1981; Le Roux et al. 2011; Olbers et al. 2006) , the brain areas activating anticipatory responses to rewarding cues remain on 'high alert'. In fact, recent studies investigating taste functions and taste reward support this notion and suggest that reduced sweet and fat preferences following RYGB surgery are rather because of learned aversions to certain foods, than a primarily reduced reward function (Mathes et al. 2015a; Mathes et al. 2015b; Mathes et al. 2012) . A similar mechanism may underlie improved food preferences (moving away from highly stimulating foods) and remission of food addiction (Pepino et al. 2014) following RYGB, and at the same time explain why an individual or an animal with persisting 'hunger' chose alternative (non-food) rewards such as alcohol to maintain stimulation of the reward system at a pre-operative level.
As changes in the gastrointestinal anatomy may affect EtOH's absorption and metabolism (Hagedorn et al. 2007; Holt 2011; Klockhoff et al. 2002; Woodard et al. 2011 ), a question posed in the preclinical literature was whether this could be a factor playing a role on the changes in EtOH consumption seen in these animal models of RYGB. As such, a study was designed to investigate the effects of RYGB on EtOH administration given intravenously (IV), therefore bypassing the stomach (Polston et al. 2013) . In this study, diet-induced obese male Sprague Dawley rats could administer IV EtOH approximately 2 months after RYGB or sham surgery, using both fixed and progressive ratio schedules of reinforcement. RYGB rats made significantly more licks on an empty active spout to earn EtOH from a second spout during the fixed ratio schedule, and also reached significantly higher breakpoints (i.e. completed more cycles) during the progressive ratio schedule sessions. These results suggest that RYGB increases the rewarding effects of EtOH independently from its effects on EtOH absorption (Polston et al. 2013) .
Another study tested EtOH consumption using the two-bottle free-choice paradigm in Long-Evans rats that were maintained on a high-fat diet for an 8-week period to induce obesity (Davis et al. 2013) . In conflict with Davis et al. (2012) , but consistent with Hajnal et al. (2012) , this study reinforced the notion that RYGB increases new onset EtOH intake, and that this effect is not merely a consequence of the significant weight loss (Davis et al. 2013 ). In fact, both rats that were obese prior to surgery and weight loss controls lost significant amounts of body weight; however, only rats undergoing RYGB surgery consumed larger amounts of EtOH compared to rats that received sham surgery (Davis et al. 2013) . Additionally, no differences in BAC levels, measured 30 min following oral gavage of ethanol, were observed between RYGB and sham groups. This study also showed that the RYGB procedure was associated with changes in brain regions that regulate alcohol intake via orexin signaling; orexin, also called hypocretin, is a neuropeptide that regulates arousal, wakefulness and appetite. Specifically, in the lateral hypothalamus, RYGB surgery significantly increased prepro-orexin expression while the expression of orexin 2 receptors was increased in the weight loss control condition, relative to both RYGB and sham surgery conditions. No significant effect of surgery or weight loss was observed in the expression of orexin 1 receptor, dopamine D1 receptor, or dopamine D2 receptor in the lateral hypothalamus. As recent evidence suggests that orexin peptides increase EtOH consumption in rodents (Lawrence et al. 2006) , the authors hypothesized that the increased intake observed following RYGB may be regulated, at least in part, by an increased central orexin signaling. The authors also reported significant reductions in D1 receptor expression in the nucleus accumbens of animals subjected to RYGB, relative to sham surgery or weight-matched controls (Davis et al. 2013) . Alcohol stimulates dopamine release in the nucleus accumbens (Di Chiara & Imperato 1986) and dopamine signaling in this region has been associated with the regulation of EtOH reward and dependence (Boileau et al. 2003; Koob et al. 1998) . Together, these data suggest that RYGB induces transcriptional alterations within brain circuits known to regulate dopamine function, alcohol intake, and reward processes. Notably, decreases in the dopamine signaling in the mesoaccumbens dopamine pathway have been linked to increases in appetitive behaviors, as well as increases in subjective pleasure from the use of dopamine-enhancing substances (Bello et al. 2011; Bulwa et al. 2011; Volkow et al. 1999) .
The preclinical studies investigating the potential effects of bariatric surgery on alcohol consumption have generated consistent results from independent laboratories demonstrating that RYGB surgery increases alcohol consumption in dietary obese rats with no prior history of alcohol exposure. In contrast, rats bred for preferring alcohol showed an opposite, reduced alcohol preference following the surgery. Although these differences are likely because of the different genetic background of the animal models used, it warrants evidence for expanding clinical research to include screening for genetic susceptibility factors (e.g. the presence of Taq1 A allele, which is associated with reduced dopamine signaling in reward processing, e.g.: (Blum et al. 2011) ) in bariatric patients.
In summary, the preclinical data is consistent with the majority of the clinical literature and support the notion that bariatric surgery may represent a potential risk for increased alcohol use.
POSSIBLE MECHANISMS OF ACTION
As suggested by some clinical work (e.g. (Hagedorn et al. 2007) ; Ostlund et al. (2013) ; (Woodard et al. 2011) ), the increased alcohol use after bariatric surgery may be because of altered pharmacokinetics and metabolism after RYGB (Hagedorn et al. 2007; Holt 2011; Klockhoff et al. 2002; Woodard et al. 2011) , which results in patients becoming intoxicated more quickly with less alcohol following surgery and taking longer to return to sobriety than before surgery (Woodard et al. 2011) . It is also possible that the lower alcohol tolerance following surgery leads individuals to experience the rewarding properties of alcohol sooner and more frequently, which may then contribute to increased risk of AUD post-RYGB surgery. A number of mechanisms for changes in alcohol pharmacokinetics have been hypothesized. The rapid emptying of the gastric pouch may facilitate faster absorption of alcohol. Additionally, the reduced volume of the stomach results in less alcohol dehydrogenase, which partially metabolizes alcohol (Hagedorn et al. 2007) .
Notably, RYGB-treated obese rats increase IV alcohol administration, thus using a procedure where the stomach is bypassed, suggesting that RYGB increases the rewarding effects of alcohol independent of its direct gastric effects or change in alcohol absorption after the surgery (Polston et al. 2013) . In this regard, studies have shown that alcohol, drugs and food trigger similar responses in the brain (for review, see : Volkow et al. (2011) ). This seems consistent with the 'symptom substitution theory', according to which the elimination of one behavior, without treating the underlying cause, may lead to a replacement behavior (Kazdin 1982) . The switch from excessive food intake to the escalation of drinking behavior could be related to an isocaloric set point in all patients. RYGB patients may be compensating for their inability to consume as many calories from food by accelerated drinking. Additionally, bariatric surgery may result in changes in reward processing and dopamine signaling that could play a role in the mechanisms involved in how the surgery alters alcohol-seeking behaviors. Foods that are high in sugar or fat cause an increase in dopamine, although not as dramatically as alcohol and drugs (Volkow & Wise 2005) . Imaging studies with RYGB patients have demonstrated a decrease in dopamine D2 receptor availability in the ventral striatum and caudate nucleus after surgery (Dunn et al. 2010) . Notably, these are brain areas involved with alcohol's rewarding effects (Thanos et al. 2005) and associated with risk for alcohol abuse (Thanos et al. 2004; Thanos et al. 2001; Volkow et al. 2006) .
The possibility that altered reward processing may play a key role, regardless of changes in alcohol absorption and pharmacokinetics/pharmacodynamics, becomes even more compelling taking into account recent literature suggesting that feeding-related peptides, mainly produced in the stomach and/or intestine, play a role in alcohol reward and dopamine signaling. For example, ghrelin is mainly produced by the stomach. Consistent with its main site of production, a significant reduction in peripheral (blood) ghrelin levels right after RYGB has Figure 1 Scheme illustrating plausible mechanisms of increased alcohol reward following Roux-en-Y Gastric Bypass (RYGB) surgery. Consistent with preclinical evidence, we propose that RYGB may reverse obesity-induced dysregulation of the dopamine (DA) reward processing, and in turn, may improve reward sensitivity. According to the widely accepted current theories on the cause of reward dysregulation in obesity (the 'Reward Deficiency Syndrome' and the 'Hypodopaminergia Theory'), chronic stimulation of the dopamine reward signaling (e.g. by eating highly palatable foods and larger meals) may result in down-regulated signaling causing reduced reward sensitivity, driving the animals toward richer foods as compensation to maintain DA stimulation. Prior to RYGB (left), obese subjects prefer richer (i.e. more stimulating) foods, and consume larger quantities because of the reduced postprandial release of anorexigenic gastrointestinal hormones, for example glucagon-like peptide-1 (GLP-1). Chronically reduced ghrelin levels (or a plausible inefficient signaling because of down-regulated ghrelin receptors) may also contribute to obesity-related DA deficits. Studies in dietary obese rats have found increased seeking of higher concentrations of sucrose solutions, but also shown reduced preference for, and intake of, low concentrations of sucrose and alcohol. Dietary obese animals also have reduced ghrelin levels, a finding that is consistent with reduced alcohol preference. Therefore, such conditions result in a finely balanced relationship favoring highly stimulating food over alcohol in high-fat diet-induced obese rats. This relationship is depicted as a see-saw on the left in Figure 1 . This balance is reversed following RYGB as shown in the figure (right). Thus, increased reward sensitivity, in part because of increased ghrelin signaling, together with increased anorexigenic hormone feed-back (e.g. increased postprandial GLP-1), and learned food aversion (e.g. because of malabsorption and gastrointestinal discomfort 'dumping') may help improving food choices and reducing cravings for rich foods after RYGB (right). In contrast, RYGB may create an increased sensitivity to alternative (non-food) rewards, such as alcohol, that are not controlled by the same distributed anorexigenic homeostatic systems. Consistent with this hypothesis, human studies also show a specific effect of ghrelin depending on the population being studied. In fact, while studies with obese patients show effects on ghrelin in increasing appetite and food intake, a recent human study in non-obese (BMI < 30 kg/m 2 ) heavy drinking alcohol-dependent subjects shows that intravenous administration of ghrelin increases the urge to drink alcohol (assessed as cue-induced alcohol craving), with no effect on the urge to drink a non-alcoholic sweet beverage or on food craving. Please note, this figure only illustrates possible mechanisms of action inferred based on peripheral changes in gut-liver-brain hormones. Although it is reasonable to assume an effect of GLP-1 regulation of DA reward processing opposite to ghrelin, the effect of GLP-1 on the ventral tegmental area (VTA) is likely to be indirect via the nucleus of the tract solitary, and is unlikely to be related to well-characterized changes of GLP-1 levels in the periphery been reported both in obese patients and in a rat model of RYGB (Korner et al. 2009; Shin et al. 2010) . Ghrelin has also been implicated in reward-related behaviors and, more specifically, in the modulation of food intake and reward (Dickson et al. 2011) . Additionally, preclinical work has shown that ghrelin may play a role in alcohol reward and consumption, and that ghrelin receptor antagonism blocks these behaviors (Gomez et al. 2015; Gomez & Ryabinin 2014; Jerlhag et al. 2009; Kaur & Ryabinin 2010; Landgren et al. 2012; Stevenson et al. 2015; Suchankova et al. 2013) . Consistent with this preclinical work, clinical studies have reported changes in blood ghrelin levels in alcoholic patients versus controls and a positive correlation between blood levels of ghrelin and alcohol craving (Addolorato et al. 2006; Badaoui et al. 2008; Koopmann et al. 2012; Leggio et al. 2012) . Notably, a recent human laboratory study with heavy drinking alcohol-dependent subjects demonstrated a causality link by showing that IV ghrelin infusion, compared to placebo, resulted in an acute increase in cue-induced craving for alcohol (Leggio et al. 2014) . Taking into account this body of literature, it is possible to hypothesize that ghrelin signaling plays a role on the mechanisms how bariatric surgery and RYGB, in particular, may result in increased alcohol use. Consistent with this hypothesis, subthreshold doses of ghrelin receptor antagonism reduced alcohol consumption only in RYGB animals, while no similar effect was found in the sham-operated control group (Hajnal et al. 2012) . Another appetitive peptide whose pathway has been recently implicated in alcoholseeking behaviors is GLP-1 (Egecioglu et al. 2013; Engel & Jerlhag 2014a , 2014b Shirazi et al. 2013; Suchankova et al. 2015) . In that regard, the study by Davis and colleagues suggests that GLP-1 signaling may also be involved in the mechanisms of how RYGB affects alcohol drinking (Davis et al. 2012) . Recent studies in humans (Allen et al. 2013; Madsbad et al. 2014; Nguyen & Korner 2014 ) and rodents, however, suggest that altered GLP-1 signaling is not required either for diabetes resolution or weight loss (Mokadem et al. 2014; Ye et al. 2014) , or altered food reward (Mathes et al. 2012) . Figure 1 outlines a potential schematic of how ghrelin and GLP-1 may play a role in a plausible increase of reward-sensitivity following RYGB surgery in the context of increased alcohol use. However, future studies are needed on the effect of bariatric surgery on alcohol consumption and risk of AUD in order to address numerous unanswered questions, including (but not limited to): (1) better understanding of the potential role and interplay of gut-liver-brain axis pathways like ghrelin and GLP-1; (2) comparison of the effects of sleeve gastrectomy versus RYGB on hormones like ghrelin and GLP-1 and investigations on how different effects on these hormones may result in different effects on excessive alcohol use; (3) research on the potential role of other gut-brain peptides (e.g. leptin, cholecystokinin and others; for an extensive review: see: (Kenna et al. 2012) ); and (4) better understanding of the potential role of sex differences.
CONCLUSIONS
Most of the published literature on the role of bariatric surgery in alcohol use and AUD suggest that bariatric surgery patients, especially after RYGB, may be at risk of alcohol use problems. The American Society for Metabolic and Bariatric Surgery guidelines recommend that high risk patients (i.e. those with a history of substance abuse, regular alcohol use pre-surgery or RYGB patients) abstain from alcohol use after gastric bypass given the altered metabolism of alcohol, as well as the potential for AUDs after surgery.
However, many questions remain unanswered. Among them, a critical question is whether the increase in alcohol consumption is a consequence of an adjustment for caloric intake, and/or whether this increase may be because of higher alcohol reward substituting for reduced reward from previously highly-preferred, rich food items. From a clinical standpoint, even before the underlying mechanism is fully understood, the priority of future research is to identify the risk factors for the development of AUD among post-bariatric surgery patients. Adequate screening, assessment and pre-operative preparation could help mitigate this risk. Unfortunately to date, the most significant clinical limitation is the lack of a good understanding of who is at risk for developing alcohol-related problems after RYGB, and what care is needed for this unique population. In humans, it is also important to consider social factors (e.g. smoking and other substance use disorders, depression, anxiety and quality of life) that may play a role in the increased ethanol consumption following RYGB. In addition to the crucial need for additional translational research on this topic, it is important to carefully screen candidates for bariatric surgery in order to identify patients that may be potentially at risk of increased risk of AUD after surgery. Additionally, investigating the potential mechanisms of how bariatric surgery may result in increased alcohol use will be important, not only to better understand the relationship between bariatric surgery and alcohol use, but also to identify new possible pathways that may represent new pharmacological targets for the treatment of AUD.
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